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C5-2
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Tecumseh, MI 49286, USA; Tel.: 517/423-0170; Fax: 517/423-8426
E-Mail: dmanole@tecumseh.com
ABSTRACT
The clearance between the cylinder wall and the rotating piston is critical to the efficiency of a
rotary compressor. A large clearance causes internal gas leaks and capacity and efficiency
losses. A tight tolerance increases the manufacturing cost. For a given clearance between the
cylinder and the rolling piston one can determine a radial and angular offset of the cylinder with
respect to the roller and vane so that the internal gas leak is minimized.
New environmental friendly refrigerants are being introduced and evaluated in industry for
replacing the CFC and HFC based refrigerants. The new refrigerants thermodynamic properties
are sometimes very different compared to the current refrigerants (e.g. carbon dioxide). At same
time, each new refrigerant turns to be potential replacement in only a limited number of
applications. In consequence, although the component parts of a compressor can be the same
when used with different refrigerants and in different application, the optimum offset between
the cylinder center line and the rotating piston axis of rotation needs to be recalculated and
adjusted to each refrigerant.
We are showing results of a parametric study revealing the relationship between the refrigerant
thermodynamic properties, clearance, and optimum offset.

NOMENCLATURE
n: polytropic coefficient
o: offset
p: pressure

V: volume
δ : clearance
Σ : setpoint

INTRODUCTION
A rolling piston compressor has a well-known compression mechanism. The concept is
attractive for its simplicity and ease of manufacturing compared to a scroll mechanism. Despite
its simplicity it is a challenge to tune the tolerances of the parts inside those compressors so that
both displacement and efficiency targets are met.
Several papers were presented at Purdue Conference on the subject of rotary compressor
design and performance optimization. Only some of the early and representative works are

listed as references on the subject of simulating and modeling the rotary compression
mechanism.
The leakage by the contact point between rolling piston and cylinder can be calculated
based on the clearance between the parts and the pressure difference across the contact point.
Previous work took in account also the existence of partial of oil sealing (1). More
comprehensive studies were performed accounting for the variation of the adiabatic
compression coefficient with pressure and temperature during compression (2). During those
study more importance was given to the leakage across the roller face.
In the period of time when the papers mentioned in the references were written the
refrigerants used in applications were pretty much the same. The few new refrigerants that
were introduced had thermodynamic and thermophysical properties similar to those of the
refrigerants being replaced. This is why during that period the attention was diverted from
working on the compressor to studying the possibilities to retrofit existing system and operate
with new refrigerants.
Scroll compressor is being used at a large scale. The rotary compressor has some
domination over the applications with smaller capacity but needs to be further enhanced to
keep competing with the scroll mechanism over applications that require about 2 tons of
refrigeration. Besides, R744 starts to be used as a refrigerant and the thermodynamic and
thermophysical properties are very different compared to R22, for example. This is why it is
important to review the conclusion of previous studies, refocus the attention on the compressor
optimization, and check the validity of the previous results when using new refrigerants.
Several assumptions are made during the current study to simplify the calculations. The
goal is to evaluate the magnitude of the effect the refrigerant thermophysical properties.

Blow-by Leak Analysis
Model
A very simple model is being used to calculate the blow-by leak in rotary compressor. The
blow-by leak is the leak across the point (or line) of contact between the rolling piston and the
cylinder.
Figure 1 shows a roller that is installed in a cylinder with an excentricity e. The roller
rotates counter clockwise about the crankshaft that has the centerline sCL. A vane separates the
compression volume II from volume I. Volume I communicates with the suction port by
means not shown in the figure. There is a clearance δ between the roller and the cylinder wall.
If the cylinder wall is concentric with the crankshaft cernterline, sCL , then the clearance δ has
constant value when the crankshaft rotates the roller in the cylinder and compresses the gas.

Figure 1 Roling piston mechanism analytical model
The clearance δ between the roller and the wall is necessary to reduce the friction between
the two parts and to compensate for manufacturing and assembling imperfections. This
clearance is unfortunately a leak path. Figure 2 shows with full line a generic pressure
variation during the gas compression in the cylinder. The pressure across the contact point
between the roller and the cylinder varies with roller position.
Leak calculations
There are several methods to calculate the blow-by leak. For this parametric study, we
consider a very simplified method of calculating the leak rate. Besides, the results are
presented in non-dimensional form so that the results are more general. The leak is considered
directly proportional with the clearance δ and the square root of the pressure difference
between volume regions I and II. It is a common practice to cause an offset, o, between the
cylinder and the crankshaft centerline so that the clearance between the roller and cylinder
would vary with crank angle. Such a variation of the clearance δ is represented in Figure 2
with dashed line.
The compression volume is considered to vary linearly with crank angle. Volume
occupied by vane, added on by discharge port, and other design details are not considered in
this analysis. The compression in the cylinder is considered to be described by the following
law:

p·V n = constant

(1)

where the polytropic coefficient n is considered constant.

Figure 2: Generic cylinder pressure variation with crank angle

Figure 3 Generic leak rate
The instantaneous leak rate variation with crank angle is calculated and presented in Figure
3. Features of the curves plotted in Figure 2 can be recognized in the combined effect

presented in Figure 3. The total effect is what matters and the total leak is calculated by
integrating the equation of the curve presented in Figure 3.
The angular phase Σ of the offset δ is defined and shown in Figure 1. The angular phase is
usually called setpoint during the assembly of the rotary compressor. By varying the value of
the setpoint, the phase between the clearance and the pressure variation would change. The
value of the total leak variation is presented in Figure 4. This plot shows that the setpoint can
cause a variance of 4% to the total leak due to the manufacturing and assembling tolerance δ.
There is a minimum value for the total leak and an optimal setpoint value can be determined.

Figure 4 Normalized total leak
Further analysis can be done in continuation to those results. Figure 5 shows a family of
curves as presented in Figure 4. The total leak variation curve is determined for various
discharge pressures and it results a family of curves that defines a surface. The minimum
values of that surface are marked by a thick line that shows how the value of the optimum set
point value changes with the operating parameters. The value of the optimum setpoint shifts
toward smaller values when the discharge pressure increases. It is important to notice in this
representation that the value of the setpoint for the low discharge pressure would cause a larger
leak at high pressure than by using at low discharge pressure conditions a setpoint designed for
high discharge pressure.

Polytropic Coefficient
The polytropic coefficient n was considered constant in this analysis. Previous studied
(2, 4) have shown that the adiabatic coefficient varies with pressure and temperature during the
compression process. If one assumes the heat transfer and internal gas leaks then there are
more reasons to consider the polytropic coefficient instead of the adiabatic coefficient and its
variation in calculating the optimum value for the set point. It has been shown in some tests
(4) that the CO2 polytropic coefficient is much smaller that the adiabatic coefficient.
Experimental work for measuring or validating the polytropic coefficient is necessary.

Figure 5 Optimum setpoint variation

Figure 6 Experimental and theoretical values of the compression polytropic coefficient

Polytropic coefficient is a very important parameter. Figure 6 shows with dashed line
the variation of the adiabatic coefficient for the range of pressures and temperatures
experienced during the compression of R22 in the cylinder.
A rotary compressor operating with R22 was instrumented. Three pressure transducers
were measuring the gas pressure in the compression chamber to cross check the readings and to
provide continuity of pressure data measured. A number of 45,000 data points were acquired
per second and the results presented in Figure 6 were smoothened numerically during the post
processing.
The full line shows the polytropic coefficient calculated by using equation (1) and
pressure and volume data measured in the compression chamber. The low values of the
polytropic coefficient during the first part of the compression confirm the expectations that the
leaks are large. The large value of the polytropic coefficient can be explained by the heat
transfer between the high side compressor that has internal parts with high temperature and the
compressed gas. The average value of the polytropic coefficient determined experimentally
and presented in Figure 6 is 1.21

RESULTS AND DISCUSSION
Same type of parametric study was made for various polytropic coefficient values in
equation (1) to simulate the use of different refrigerants. The plots presented in the current
Figures are representative of all the results. The values of the setpoint and the range of
variation of total leak and setpoint values would vary with the choice refrigerant but
conclusions would remain the same.
A comprehensive analysis of the optimum setpoint is complicated. The setpoint affect
directly the internal leak and the instantaneous polytropic coefficient. The polytropic
coefficient is a factor that determines the compression pressure profile and efficiency as well as
the internal heat transfer.

CONCLUSIONS
The setpoint that sets the phase offset between the geometrical clearance and
compression pressure variation is a factor that has a significant effect on the compressor
capacity and efficiency.
A value calculated for the setpoint has a limited range of validity. Refrigeration and air
conditioning compressors might have different values for the setpoint. Applications for high
ambient temperature would have again their own value for the setpoint.
The polytropic coefficient is proven to experience large variation during the
compression and the value of the optimum setpoint is very much dependent on the polytropic

coefficient. The experimental results show also the instantaneous value of the polytropic
coefficient is varies significantly during compression thus its variation should be included in
calculating the optimum setpoint.
The thermophysical properties of the refrigerants are different enough to justify
revisiting the calculations of the setpoint.
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